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Abstract 
The purpose of the study was to investigate the relationship between throwing accuracy and shoulder strength. Two groups of 
young healthy, male participants took part in the experiments as a elite and non- elite athletes. The ball velocity at ball release 
was derived from the change in distance between wrist and the ball. The elite athletes performed many accurate throwing with 
lower ball velocity. The isokinetic strength performances were determinate as 60°/s and 240°/s, by using the Cybex Norm 
Dynamometer. The elite athletes presented a bigger shoulder extension value (for dominant and non-dominant arms). As the 
angular velocity increased, peak torque values displayed lesser value on extension and flexion in the elite athletes and the non-
elite athletes. The peak torque values of the elite athletes were found higher during extension and flexion at each angular 
velocity. However, correlation was not found between shoulder extension/flexion and ball velocity. Elite handball players shoot 
with lower shooting velocity but more accurately. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Sakarya University. 
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1. Introduction 
In many sports branches, the over arm throwing is considered to be the most important skill. The throwing 
performance depends on the player’s optimal coordination of his/her body to create the maximum velocity. The 
player, when she/he is ready for throwing, has to use all body segments from ankle to wrist. Toyoshima et al. have 
indicated that the 53,1% of the throwing velocity springs from arm movement and the 49,9% of it is dependent on 
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stepping and body rotation(Toyoshima et al.,1974). In the acceleration stage of the throw, the arm performs the whip 
motion while passing from the external rotation(ER) position to the internal rotation (IR) position. Tullos and King 
(1973) suggested that, as the shoulder rotational range of motion increases, the efficiency of the athlete’s internal 
rotator muscles will increase and the velocity of the ball will be higher (Tullos & King, 1973). Jobe et al. (1984), 
Braatz & Gogia (1987), and Pappas et al. (1985) examined internal and external range of motion and strength in 
throwing motion in baseball (Jobe et all, 1987; Braatz & Gogia, 1985; Pappas et all., 1985). In these studies, they 
have found that the thrower should produce a considerable amount of torque during the IR in order to throw the ball 
accurately and with a high speed. 
Handball necessitates several skills and physical traits special to the game. The goal, which is the essential to win 
in handball, depends on a quality throwing (Joris et all., 1985). Thus, throwing is a crucial skill in handball as it is 
the case in several other sports branches (Joris et all., 1985; Eliasz 1999). The goal is achieved expeditiously before 
defenders and the goalkeeper block. When the kinematic chain during the throwing is observed to give the ball 
maximum velocity; firstly the shoulder, then the elbow, and finally the wrist reaches the maximum velocity (Joris et 
all., 1985).  
In handball, the goals coring ability substantially depends on ball velocity and throwing accuracy. Throwing 
velocity and accuracy are the main performance parameters during the game in handball (Bayious & Boudoulos, 
1998).  This study aimed to investigate the contribution of shoulder strength and throwing accurate in overarm 
throwing in team handball. 
 
2. Material and Methods 
2.1. Participant 
Eighteen participant in total participated in the study; nine of which are elite male handball players (Elite 
athletes: playing for the Turkish National Handball Team) (age: 25.44±3.28 years, height: 188.88±6.75 cm, weight: 
89.55±10.33 kg, training experience: 15.4±3.3 year) and nine of which are male non-elite athletes in Physical 
Education Sports College and playing handball (Non-elite athletes) (age: 22.66±1.58 years, height: 183.66±5.17 cm, 
weight: 89.00±11.82 kg, training experience: 6.4±1.8 year). Determination of subject’s characteristics (Table 1) and 
clinical examination of the shoulder were performed prior to isokinetic testing. Individuals with present shoulder 
pain were excluded from the study. All participants prior to examination signed a consent form which explained the 
testing procedure in detail. 
Table 1. Subjects characteristics 
 
Groups 
(n=18) 
Age  
(year) 
Height 
(cm) 
Weight 
(kg) 
Experience  
(year) 
Group 1 25.4±3.3 188.9±6.7 89.6±10.3 15.4±3.3 
Group 2  22.7±1.6 184.4±5.3 85.1±13.2 6.4±1.8 
2.2. Kinematic 
Motion data were collected using two 100-Hz fast cameras (BASLER- A602 fc color, 100 Hz) in gym after ten 
minutes warm-up. The performance values of the participants were recorded through recording two throwing 
performances of each of them after ten minutes warm up session. In this study, the participants were requested to 
present throwing performances, after taking three steps, directed towards the target placed on the upper right corner 
of the goal which is at six meters distance from the throwing line. The subjects were asked to perform fast and 
accurate shooting. The target was placed on 25 cm below of the upper right corner of the goal, and the dimensions 
of the target were 60x60 cm. Participants were given two minutes breaks between each throwing performance. 
Passive markers were placed at the heel, ankle, knee, hip, shoulder, wrist, hand, head, chin and ball.  
Three dimensional location of markers were calculated with and manual digitizing system HUBAG (Hacettepe 
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University Biomechanics Research Group, httt://www.biomech.hacettepe.edu.tr)(Arıtan, Çilli &Amca, 2010) 
utilizing the direct linear transformation method  (Abdel-Aziz, 1971).  
The root mean square error in the calculation of the 3D passive markers location, with a calibration cube 
approximately 3.0 m x2.0 m x 1.0 m in size, was found to be less than 10 mm. Coordinate data were filtered with a 
Butterworth digital low-pass filter.  
Ball velocity was calculated using a five-point differential filter. The velocity at ball release was derived from 
the change in distance between wrist and the ball ( Tillaar & Ettema, 2007). The velocity location x at the time 
frame   is determined based on two data points before (i-1, i-2) and two data points after (i+1, i+2) the position data   
 
 
 
 
 
Where f stands for the sampling frequency  (Tillaar and Ettema, 2003; Zheng et al., 2004).  
2.3. Isokinetic Assessment 
The isokinetic strength performance was defined in a different day through a different test. Each participant 
had been given the instructions about the test procedure and the equipment before the test. Each of them was tested 
by Cybex Norm isokinetic dynamometer (Lumex, Ronkonkoma, NY). Isokinetic dynamometer was calibrated by 
the Cybex calibration procedure and the isokinetic force was determined as Nm. 
Arm ergometer was used in the warm up. Extension exercises were done for five minutes before and after the 
test in order to prevent possible injuries. Peak torques, work and power variables were determinate as 60°/s and 
240°/s, by using the Cybex Norm Dynamometer. Participants took 30 seconds break between repetitions. 
2.4. Statistics 
All data are presented as means (SD). Data were analyzed using SPSS software (version 10.0). Student-t test 
for independent samples was used to compare baseline values between groups. The Pearson product moment 
correlation coefficient was used to examine the relationship between isokinetic strength and ball velocity. The level 
of significance was set at 0, 05. 
 
3. Results 
The shoulder flexion and extension peak torque values for each group are presented in the Table 1. There was 
not a statistically significant difference between two groups in terms of shoulder flexion values.  
 
Table 2. Comparison of dominant and non-dominant shoulder extension and flexion at 60 and 240 ºs-1 in Group 
1 and Group 2 
 Group 1 Group 2 
Extension 
60ºs-1 
Flexion 
60 ºs-1 
Extension 
240 ºs-1 
Flexion 
240 ºs-1 
Extension 
60ºs-1 
Flexion 
60 ºs-1 
Extension 
240 ºs-1 
Flexion 
240 ºs-1 
Dominant  111.6±25.2 77.5±14.9 79.3±18.2* 54.3±13.7 98.2±15 73.3±12.3 55.2±23.1 41.7±19.5 
Non-
dominant  
100.1±16.7* 79.8±12.2 69±14* 56±12.3 84.3±10.7 75.7±11.8 48.6±19.1 46.7±18.9 
* p<.05 
 
The shoulder IR and ER average and standard deviation values for each group are presented in the Table 2. 
The differences between groups in terms of shoulder IR and ER values for dominant and non-dominant arms 
are statistically significant(p<.05). Shoulder IR and ER values of the elite athletes at 60 and 240 °/s were bigger 
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compared to the other group. Only the shoulder ER values for non-dominant arms were not statistically significant 
(p>.05).  
 
Table 3. Comparison of dominant and non-dominant shoulder IR and ER in Group 1 and Group 2 
 
 Group 1 Group 2 
IR 
60 ºs-1 
ER 
60 ºs-1 
IR 
240 ºs-1 
ER 
240 ºs-1 
IR 
60 ºs-1 
ER 
60 ºs-1 
IR 
240 ºs-1 
ER 
240 ºs-1 
Dominant 71.1±20.2* 50.6±14.3* 58.5±16.4* 38.6±11.5* 49.1±9.9 35.6±7.6 37.5±10.7 27.7±6.4 
Non-dominant 69.6±18.3* 53±14.6 54±14.6* 40.1±13.4 48.6±9.7 39.7±12.1 40.5±8.2 32.8±10.3 
* p<.05 
 
IR: shoulder internal rotation 
ER:shoulder external rotation 
 
 
Differences were found between the groups in terms of ball velocity for accurate throwing (Table 3). The 
students threw faster compared to the elite athletes. However, the number of accurate throws was eleven for the elite 
athletes, and six for the non-elite athletes. There is not a significant difference between the elite athletes and the non-
elite athletes in terms of inaccurate throws. 
 
Table 4. Ball velocities in accuracy and non-accuracy throwing  
 Ball velocity (m/sec) 
 Group 1 Group 2 
Accuracy throwing 16.5±5.8(n=11)* 23.5±6.7(n=6)  
Non-accuracy throwing 22.8±6.6(n=7) 22.7±7. 8(n=12)  
 
      * p<.05 
       n= accuracy and non-accuracy throwing number 
 
The shoulder IR/ER values of the elite athletes and non-elite athletes did not present significant correlation with 
the ball velocity in accurate and inaccurate throws. 
4. Dicussion 
In handball, throwing velocity and accuracy are considered to be the main performance parameters during the 
game. Various researchers have examined the correlation between the movement velocity of the upper limb and 
accurate throwing to the target. The results of these studies have generally suggested that there exists a significant 
negative correlation between velocity and accuracy (Eliasz, 1999). 
The aim of this study is to define the relation between throwing velocity and shoulder strength in accurate and 
inaccurate throws in handball.   
We found a significant difference between two groups in accurate throws in terms of ball velocity. The ball 
velocity was determined as 16.50(5.80) m/s for the elite athletes and as 23.50(6.70) m/s for the non-elite athletes. 
Despite the fact that the elite athletes consists of highly training experienced athletes having 15 years of experience 
in average, the ball velocity in this group was lower than that in the other group. However, the number of accurate 
throws was higher in the non-elite athletes (The number of accurate throws elite athletes: 11, non-elite athletes: 6). 
Elite athletes preferred to throw accurately rather than throwing fast, thanks to their technical skills which they had 
obtained through experience. 
They presented a more careful throwing performance compared to the other group. The ball velocity for accurate 
shots was determined 26.10(2.90) m/s for cricket (Sachlikidis & Salter, 2007), and 17.20(1.40) m/s for handball 
(Joris et all., 1985). Akpınar et al.’s study has found that the ball velocity for throwing after taking three steps was 
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determined 20.80(1.02) m/s for the Super League Team, and 19.35(1.47) m/s for the 1st League Team and the study 
also suggested that the velocity of the ball when it is released from the hand is correlated with maximal power and 
force (Akpınar & Mirzeoğlu, 2006). Various researchers who analyzed the over arm throwing have indicated that 
the muscle force is a crucial factor in throwing velocity (Elasz, 1999; Best et all., 1993). According to Bayious et al., 
the maximal arm speed is one of the important factors in the determination of ball velocity during set shot (Bayious 
et all., 2001). 
Shoulder IR/ER force in 90º abduction were tested at 60 and 240 °/s. A significant difference was found between 
the elite athletes and the non-elite athletes in terms of shoulder IR/ER force values. Elite athletes have presented a 
bigger shoulder IR (for dominant and non-dominant arms) and ER (for the dominant arm) values at 60 and 240 °/s 
(p<.05). 
Many studies on handball have examined the correlation between the shoulder IR/ER force and the ball velocity 
for different shot types. In these studies, significant correlation between ball velocity and shoulder IR/ER force has 
only been found in jump shot performance (Elasz, 1999; Fleck et all., 1992).  
The shoulder IR and the elbow extension are related to the total ball velocity, after the release of the ball. Tillaar 
and Ettema have indicated that the shoulder IR and the elbow extension are crucial factors for high speed shots 
(Tillaar & Ettema, 2007). However, only the shoulder IR and the elbow extension are not enough for high speed 
shot. These parameters are dependent on body and lower extremity. 
In this study, a correlation between shoulder IR/ER force and ball velocity was not found. Bayious et al., did not 
find any significant difference between shoulder IR and ER force among groups for three different shot types in 
handball (set shot, cross-over step and jump shot) (Bayious & Boudoulos, 1998). In addition, a significant 
correlation between the shoulder IR/ER and the ball velocity was not found, except the jump-shot performance. 
Here, the role of the lower extremities has been effective in jump shot performance. According to Bayious, the 
shoulder internal/external peak torque values are not good indicators of throwing velocity, except jump-shot 
(Bayious & Boudoulos, 1998). The conclusions that we reached in this study show similarity to those of these 
studies. 
The shoulder extension/flexion was tested at 60 and 240 °/s for dominant and non-dominant arms. Significant 
difference for dominant and non-dominant arms was found in the shoulder extension value; at  240 °/s for the elite 
athletes, and at 60 and 240 °/s for the non-elite athletes (p<.05). The elite athletes presented a bigger shoulder 
extension value (for dominant and non-dominant arms). 
As the angular velocity increased, peak torque values displayed lesser value on extension and flexion in the elite 
athletes and the non-elite athletes. The peak torque values of the elite athletes were found higher during extension 
and flexion at each angular velocity. However, correlation was not found between shoulder extension/flexion and 
ball velocity.  
The throwing success in handball depends on throwing velocity. However, the most important factor affecting 
ball velocity is the technique of the movement (Wit & Eliasz, 1990). On the other hand, accuracy is among the 
important factors too. As the attention devoted to accuracy increases, the velocity will go down. When the aim is to 
throw accurately, the throwing velocity is 85% of the maximal velocity (Tillaar & Ettema, 2003). This study shows 
that elite handball players shoot with lower shooting velocity but more accurately. 
 
Conclusion 
 
In the present study we analyzed accuracy performance and kinematics of 9 elite and 9 non-elite team-handball 
players in the standing throw with three steps and not found significant influence of shoulder IR/ER to the ball 
velocity in accuracy or non-accuracy throwing. For team handball coaches and athletes, the results of this study 
suggest that trainers, while coaching their players, should put as much emphasis on throwing accuracy as they do on 
increasing ball velocity.  
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